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A CAPACITANCE D-C GENERATOR OPERATING ON A NEW PRINCIPLE

A, A, Bal'chitis

In a conductor moving across the lines of force of an electric
field current 1s induced according to the law of current induction
[1]: i

. dN
= — =gy,
df (1)
where D 18 the electrilc displacement;
N 18 the flux of the electric displacement;
1s the width of the conductor;

I

v 1s the veloclty;

. i
18 time. !

1132

This law affords us the opportunity to approach the solution of‘
I

the problem of a capacitance machine in a new manner,

The presently known d-c capacitance machines operate in the same
manner as a-c inductance machines: an alternating current 1is induced
in the machine; 1t i1s subsequently rectified by a commutator and

. brushes. The presence of a commutator and brushes in the machine |

;causes additional difficulties in design of d-c capacitance nmchinesi
of large output, operating at high and super-high voltages. |
|
|
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In this work we examine the possibility of developlng a capaci-

tance high-voltage d-c machine, without a commutator, based on the

"effect of current induction in the conductor circuit by displacement
of the electric field relative to this circuit.

Our examination is based on the fundamental principle arising

directly from the Lagranglan equations and lylng at the base of the
effect of all capacitance machlnes. This principle states: The con-

version of electrical energy lnto mechanical, or conversely, mechanlcal

into electrical energy 1s possible in a capacltance system only by

' changing the capacitance of this system.

A Capacitance D-C Generator Operating on a

New Principle

We will examine the simplest capacltance system (Fig. 1) designed
to convert mechanical energy of rotary motlon into d-c electrical
energy. The capaclitance system of such a simple machine, resembling

a cylindrical capacitor, consists of two direct capacitances Cy (the

system: the left electrode of the stator - the electrode of the

rotor) and Cp (the right electrode of the stator - the electrode of

. the rotor). It 1s necessary to indicate here that the shape of the
{electrodes of the machine does not play a principal role and they
;can also have in another shape, for example, disk-shaped.

In order to generate an electric excltation fleld of the machine,
the electrode of the rotor 1s connected to one of the poles of all
independent constant-voltage source. The second pole of thls source
is connected to the electrodes of the stator. The load - resistance

r - 18 connected 1n series to the electrodes of the stator.

[ O - - . L R
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Fig. 1. Didgram of the operation ;
of the simplest d-c¢ capacitance :
machine. g !

In the stator cilrcult, rectiflers are provided which are con-
nected in serles with the load and the electrodes of the stator to i
direct the current of the elementary charges of the stator circult -
the I1nduced electric current - 1n a gilven direction,

When the rotor of the machine rotates the direct capacitances
of the system change perlodically, but thelr sum remalns constant

and equal to the capacitance of the system:

- Ci + C, = C = const. ‘ o

At a certain instant of time the charge held by the direct

capacltances equals
qs = C1U, |
da = CzU,
| where U = const 1s the excitatlon voltage.
In an operating machine the electric fleld moving with veloclty
v 1s displaced in time dt through a distance dx and the direct

FTD=TT-61~539/1+2 5



' capacitance C; is reduced by

l dC, = eeoa—éx.
A

and the capacitance C» is increased by

1d x
dCQ = l(“{-Xm

where a 1s the width of the electrode in the direction of the

i cylinder generatrix;

A 1s the effective gap between the stator and rotor.

; Correspondlingly, the charge of the direct capacitance C; 1s

reduced by the magnitude

| . oadx
dq, = UdC, = U'ezy -5 (2)

. and the charge of the direct capacltance Cp 18 increased by

| dg, = UdC, = (.'n,,"‘:‘ , (3)
| )

fConsequently in the course of dt a negatlve charge 1is transferred

1

' from the direct capacltance C; to capacltance Cp

dg = (', adx .

;1.e., from the left electrode of the stator to the right one a current
fis induced whose magnitude 1s determined according to the law of cur-
?rent induction

. e, dx
i=--2=qa

o = [Jav, ( 4)

i
|
; The electric current induced in the main circult of the machine
?can flow only through resistance r - the generator load, since the
!opposite direction 1s closed by the rectifier.

i We examined only one half of the operating cycle of the machine

. during the course of which mechanical energy was converted into
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electrical energy (resistance heating by the electric current). Thei

ésecond half of the cycle consists of recycling: the charges from

3the right electrode of 'the stator are returned to the left through

| the upper rectifier. It 1s evident that in thls case the machine
does not do useful work.

| The elementary generator examined induces pulsatlng current in
the outer circult. In order to obtain direct current this generator

must have not lessgs than two elementary circults generating pulsating
current. These elemeﬁtary clrcults can be connected to the load in
series or in parallel.

By directlion of the current we mean the movemeﬁt of & pocsitive
charge or a direction opposed tc the movement of the negative charge,
therefore the current induced in the main circult of the capacltance
generator under consilderation is directed copposite to the movement
. of the electrlc fileld of the machine.

According to the principle of the continulty of an electric

tcurrent, the current lines should be closed. In our capacltance
machine, as a result of the inductlon of current in the main c;rcuit;
‘of the machline, only local currents arlse and the current lines ;
cannot be élosed in this circult. How 1is the principle of con- |
tinuity of current observed in this case? |
When, as a result of the movement of the rotor, negative chargeé
move from the left electrode of the stator to the right electrode,
~a dlsplacement current is generated simultaneously in the dlelectric
~between the electrodes of the stator and rotor. The magnltude of
‘this current through the surface ds = adx (shown on Fig., 2 by a

~dashed line) equals



iwhere ggm = g%is the vector of displacement current density.
} Taklng into consideration that the flux of the vector of the
;electric displacement through surface s equals the free charge in

ithe space bounded by this surface, i.e., ' i
| , fDds = 4, ( 5)

' (Gauss' theorem), we derive

E G o dn ~  dg
; e e G £G4

l.e., icmr='i“

| Analogously we can show that from the side of the left electrode
the displacement current has an opposite direction, i.e., here the
Eflux‘of'the,vector of the electric displacement in section dx 1s

| :
! changed from D to zero.

Pig. 2. Dlagram of the capacltance
d-c generator without a commutator.

Consequently, current 1 flowing through resistance r 1is closed
?ndt through the main circult of the machine but through the dielectric
! - .

| = the principle of continulty of an eleotric current is not vioclated.
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Energy Conversion

!
|
i
‘
o
'

Adhering closely to the discussion of Helmholtz, we willl examine

[

what energy converslons occur during operatlion of a capacltance d-c

generator.

If, the resistance of the maln clircult of the simple capacitancé
generator under consideration 1s zero (we disregard losses in the E
machine) , the current 1nduced in the machilne will not do work %
(1d1ing regime) and the terminal voltage of the generator will be ?

zero. If the resistance of the main circult is other than zero j
'then during the flow of the 1nductlion current across the terminals %
of the generator, a potentlal difference or load voltage 1s developeé

¢1—¢2=ir=u1. :

It 1s evident that the potential difference ¢; - ¢  should i
“balance the emf of the machine, equal to the absolute value u; but %
‘opposité in sign. !

In the capacitance machlne we deal with a special form of emf. !
The movement of the electrlcal charges occurs here as a result of a !
'purely mechanical cause: the mechanical displacement of the electriq

{

field of the machine and the charges of the stator connected with 1t{
Nevertheless, as in other similar cases we can represent the current'
density of the circuit of the stator electrodes by the equallty

5 = 1§1,

‘where y 1s the conductivity.

.‘- By ﬁl we mean here the electric field intensity generated by

?the external mechanical force. This mechanical force can be expressgd
' |
by the equallty i

H
I
e md



f = Elq. (5)

: But charge g, accordlng to (5), equals:
i L o :
| ¢ =$Dds = § D (dxda) (7) |
1 ’ s

fand the external mechanical force displacing the charges 1n the stator

;cireuit can be expressed by the equalilty

i

f=El.fﬁ Duds, (8)

. or

f = EjdxaD = ujaD, ' (9)

where U = Eldx i1s the load voltage.

It 1s of interest to compare the expression derived (9) with an

analogous expression for the acting mechanical force during operation
. of an 1nductién machine. As is known, for the 1nductlon machine
f = 11B,

A mathematic analogy of both the clted expressions once agailn
proves the relationshlp of physical phenomena in electric and magnetlc

fields.

During the flow of the induction current in the main circult of
the machine, in addition to the maln excltation fleld normal to the
electrodes of the stator, there 1s a tangential component of the

~electric field - the fleld of the load which, according to the law of
:conservation and conversion of energy, should generate an electrilcal
jforce fe such that 1t could balance the external mechanical force £
‘(we are consldering a steady-state work regime of the machine) accord-

- ing to the equality

| SRSUOUUR
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fv =f.v, (10)
or
fv = u,aDv, (11)

Turning our attention to the law of current induction (1),
equality (11) , expressing the power of the machine, cdn be rewritten

in- the following form

p=fv=ul. ' (12)

This equality shows that in a capacitance d-c¢ generator mechanical
power 1s converted into electric current power. ' i

According to Lenzts law, the phenomena arising as the result ofi
current induction can be described by a more general law which 1s a
speclal case of the law of the conservation and conversion of energy:

The current induced in a closed circult by the displacement of the

electric fleld produces an electric fleld of the load and mechanlcal

forces such as to oppose the relative displacement of the fleld and

circuit of the conductor,

The principle of "electric inertia" follows from this generalized

law: conservation of the unchanged electrlc fleld 18 inherent 1in a

capacitance system conslsting of closed circults, Attempts to change

|
_this fleld induce currents in the c¢ircuits and the electric fleld of
' the load 1s produced which tends to oppose this change.



Structural Features, Advantages and Disadvantages

of the New Capacitance Machine . f

|
|
|

The capacltance machine under consideration differs little in

.design from the famillar capacitance machines but the over-all dimen-

§
i
'
i

;sions and consumption of materials 1in the new machlne are reduced
iconsiderably, mainly because of the change in the electrical circuiti
! of the machine.
| The new capacltance machlne has a number of advantages as com-
Epared wlth d-c inductlion machines. .

’ The maximum voltage of a d-c lnductlen machine is of the order
fof 20-30 kv. The capacitance machine under consideratlon can be
?built for a voitage of the order of several million volts and higher
and can be used in the transmission of direct current of super-high

, voltage (in generator-transmission line units), in x-ray technnlogy,{
?in ion accelerators, ete.

| The speed of rotation of the d-c¢ induvction machine 1s relatively
'limited by the low mechanical strength of the armature winding. The
{rotor of the capacltance machlne consists of two dlsklike metalllce
;electrodes, the mechanlcal strength of such a rotor in comparison
‘with the armature of the d-c machine 1s incomparably higher and it
‘is probable that the éapacitance machine under consideration can be

- connected with high-speed pfimary movers, for example, with a high-

. speed gas turbine without intermediate reduction gearing.

; It is especlally necessary to no?e the reduction in the consump-
ition of materials per power unlt in the capacitance machine 1n com-
?parison with the induction machine.

| This, in contrast to the inductlon machine in which itlisunecesq
Lsary‘to develop bulky magnetic circuits, in the capacitance machine

-10-



%we deal with direct lines of force of the electric field and compii-

o
cated circults are not required for conducting the flux of the electric

!
displacement. Therefobte in the capacitance machine the consumption ;
of metal 1s smaller, in comparison with the induction machine, |

We should note still another characterilstic feature of the
capacitance machine,
In the induction machine insulation plays a secondary role, not

taking an active part in the operating process of the machine since

the working fileld (magnetic) 1s concentrated in the magnetic circuitn
In the capacitance machline the insulation not only separates the dif%
ferent electrical circults having various potentials, but simultan- f
eously serves as the carrier of the working (electric) fleld of the
machine, participating directly in the operation of the machine. |
Therefore tﬂe utllization of insulation materlals In the capacltance
machine 1s higher than in the induction machine.
It follows from the basic relationship and the law of current

inductlion (1) that in order to increase the power of the capacitance

machine 1t 1s necessary to select a dielectric with the highest pos-

sible dlelectric constant €. The remarkable achlevements in the
field of new insulation materlals having exceptlonally high dielectrﬁc
constants (€ = 1‘103...2-103) in a wide temperature range and also ag
‘distinct dependence of € on the electric fleld strength should favor§
‘a wider use of capacitance machlnes. ?
However, certain disadvantages are l1nherent in the capacitance
:generator under consideration as well as in all capacltance machines*
;A substantial disadvantage is that in order to produce high gradientq

“of the electric exclitation fleld the capacltance machine must operate

'either under a high vacuum or should be filled by a liquid or gaseous

dlelectric.
=11~



In order to make it possible‘to evaluate the relative advantages
?and disadvantages and to compare the sizes and weights of the machine

;under conslideration with known electrical induction and capacitance

|
,machines, we give below an approximate calculation of the capacitance

machine examined.

Approximate Calculation of the Capacitance D-C Generator

E
E
|
!
I
f
!

We will design a capacitance d-c¢ generator having the following

| parameters:

. Power 100,000 kv
'Rpm 3,000
Rated current 50 amp
;Rated voltage 2,000,000 v.

We will assume that, structurally, the capacitance generator
'will be made with disklike elements.
' During rotation of the disk through an infinitely small angle

"the radius also rotates through angle d¢ and describes the area
| _1 2 2
‘; ds = 2 (Rl - RZ )d*’:

Ewhere R; 1s the radius of the outer clrcumference of the disk;

‘ Ry 18 the radius of the inner circumference.

‘ The flux of the electric displacement through this area then
iwill be equal to

5 dN = Dds = e,£ds,

+

‘and the rate of its change

| iﬁ! =k gj = eo£ ";’ (Ri4—RY) 52

at dt dt’

-12~
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f Ncting that %f 1s the angular rotational velocity of the disk

~w, we cobtain .

dnN ! \
-d_;. = 72-([(,’ — oy} ukey o,

Substituting thls value of %% in expression (1) we will deter-

mine the inductlion current

i = Ti w(R? - Ry eeok. (13)

The outer and inner dlameters of the disklike electrodes of the

stator and rotor will be

]

Dy 135.0 cm and Dy = 75.0 cm.

Then Ry = 67.5 cm and Ry = 37.5 cm.

[

The disks are assumed to be made of duraluminum, The tensile

tension in the materlal of the disk wlll be

3 3

-, - 8 _~7r3 A _
0. = 2.56-10°n2 2LIP2_ _ 5 56°10"" 30002 222215~ _ ggg kg/cm”,

¢ D:-D2 135-75

which 18 permissible.

The maximum value of the electric field strength of the exéita-

~tion fileld of the machine we will take as
E = 2-10° v/cm.

Let us assume that the machine will operate under high vacuum

|
t
t
|

|

and the electric fleld strength can be taken as 107‘v/cms The safety

factor here will be
i AT
ky = 20
2.108

= 5,

We will assign the operating gap of the machine (the distance

%between the electrodes of the stator and rotor) as

] =-"‘ 0.7 cm;



then the voltage necessary to excite the machine is,

| u=Es = 2:10°:0.7 = 1.4-10° v.

|

i We will also assign the value of the tangentlal component of
ithe electric field strength (1t will depend on the form of the given :

' external characteristic of the machine) as:

E, = 0.1E = 0.1-2:10° = 0.2:10° v/cm.

We wlll assume a two-fold overload capaclty (according to voltage
'1). Then the total length of the serially connected elements of the

Estator is

to = o‘,2‘106 = 20 cm,

; 1

We obtalned a very insignificant value; therefore the number of
}serially connected elements we will take as equal to unity, and each
fdisk of the stator and rotor will be divided into sectors connected

fin parallel. Let us determine the number of such sectors connected

;in parallel in one disk.

9 :
§ The radius of the average circumference of the disk Ry can be
jdetermined from the reiationship

Ry - R® = R

2
"'RZ:

' whence

k.= I/W't’_ﬁ? = l/'f67'52 ; 37,5 =546 cM.

{
i
t
t
!
t

f The length - 'of such an average clrcumference is

l,y = 2Ry = 2754 .6 = 343 cm.

a
Thus the number of sectors or elements in one disk is

1 .
m ﬁz‘:é&é%]_'],

!
i
i;
| -
! lt o 20
|

We will take m = 16 (taking into cbnsideration intra-element
Lo , , , ,
insulation).

-1l
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e
Let us determlne the current induced in one element only (tw ‘

"sides!). According to (13)
1, = ®(R1®-Rz") e€oE = B14(0.675°-0.375) +8.855°10"
| In order that the machine produce a rated current (50 amp), 1t

|
|
o
12.2.10% = 0.175 amp.
i

must have

sm = —22- = 286
0.175

actlive elements.

The same number of elements must go through the idling portidh

of the work cycle. Consequently, the total number of stator disks

should equal

25m 286
el = . 20 o 36,
m 16 5

The number of rotor disks 1s
36 + 1 = 37,
and the total number of rotor and stator disks 1is
M =36+ 37 = 73. - |
Taking the thickness of the disks h as 1 ém, the moving welight
is, »
Q = shMy10™® = 10,000°1:73°2.75°10"% = 2007.5 kg,
‘where 8 =~ 10,000 cm® 1s the effective area of one disk,

The moving weight per power unit of the machine 1s

Q,_.E_QM_‘:Oogoj_ kw
P 100,000 ’ ke/law,

\as opposed to 0.155 kg-f/kw for the capacitance synchronous a-c

‘machine of the same parameters, according to A. Ye. Kaplyhnskiy

[2], and to 1.47 kg-f/kw for the modern 100,000 kw turbogenerator. i
These figures graphically show the advantage of the new capacltance

machine over the other electric machines.

me—wm~6m7539/1+2 -15=



The losses in the capacitance machine under consideration will
jbe negligible. In a high vacuum machine ventilation losses will be
?negligible but the losses to the evacuation unit will be increased.

; The heat losses wlill be 1n the electric cilrcult of the<mach1ne.f

}But.ginoe the current density here is very insignificant (the;éleo-

?trodes are selected for their mechanical strength) these losses will
ﬂalso be small. As a result the efficilency of this machine should be
very high.

CONCLUSIONS

' A capacitance machine operating on a new princéiple, based on the

- induction of a current in a conductor moving in an electric field |
Eaccording to the law of current induction, permits the development

of neW‘type:machine and in particular a d-c machine.

; A feature of this machine, different from those capacitance
machines known to us, 1s the simplicity of construction, since there
 13 no commutator in thils machine.

? This article is limited to the consideration of a d-c capacitance
}generator with independent excitation from an external source, How-
;ever, by filling the operating gap of the machine { or part of it)
‘with an electret the machine should acquire the ability to become
1Be1f-excited and, analpgously to induction machlnes, can be puilt

for a circult of parallel, series, or mixedfexcitation.

! What little we already do know about a capacitance generator of
| the new type permits us to assert the machine of this type will be
fw1dely used particularly where high and super-high voltages are need-

.ed, and also where a high-speed electric generator ‘is required. for
: i

Yy

PID-PI=E1-539/142
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connection with the primary mover without reduclng gears.
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